Upon presentation of a calorically dense diet, rats display hyperphagia driven by increased meal size. The increased meal size and hyperphagia are most robust across the first several days of diet exposure before changes in body weight are evident, thus it is plausible that one of the factors that drives the hyperphagia may be enhanced orosensory responsivity. Here, electrophysiological responses to an array of taste stimuli were recorded from the chorda tympani nerve, a branch of the facial nerve that innervates taste receptors in the anterior tongue, of rats presented a highenergy (45% fat and 17% sucrose) diet for 3 days. Responses in the high-energy diet group were significantly higher for 0.01, 0.03, 0.06 and 0.3 M sucrose; 0.05 M Na-saccharin; and 0.01 M quinine compared with those of chow-fed controls. Another cohort of animals was tested in 30-min brief-access taste sessions (10-s trials) to a sucrose concentration series across the first 6 days of high-energy diet presentation. Both groups responded in a concentration-dependent manner. No significant group differences in unconditioned licking or trials initiated were revealed. Results from a third cohort of rats showed that responses to sucrose in a brief-access taste test also remained largely unchanged as a function of 3-day access to a sucrose solution. Taken together, these findings suggest that 3 days of high-energy diet exposure results in alterations to peripheral gustatory signaling yet these changes do not necessarily generalize to changes in responsiveness to sucrose, as least as measured in this procedure.
Introduction
Upon the presentation of a calorically dense diet, rats display hyperphagia that is driven by increased meal size. The increase in intake and meal size is most robust across the first several days of diet exposure before any significant changes in body weight are evident (Melhorn et al. 2010; Treesukosol and Moran 2014) . This raises the possibility that these behaviors are mediated by more immediate signals such as increased responsivity to orosensory cues, rather than sensitivity to longer-term influences that are accompanied by changes in body weight and body composition.
The direct controls of meal size can be categorized into positive and negative influences that sustain and terminate eating behavior, respectively (see Smith 1996) . Positive signals include those that are elicited by contact with gustatory, olfactory, and somatosensory receptors in the oral cavity and also when oral flavors are paired with calories in the gastrointestinal tract. Negative cues are triggered by contact with receptors in the oral cavity and postoral receptors in the stomach and small intestine Smith 1990, 1993) . Positive oral stimulation has been shown to induce increases in meal size in human subjects (Yeomans 1996; De Graaf et al. 1999 ) and in rats (Spector et al. 1998; Warwick et al. 2003) . There is also evidence of the effect of postoral inhibitory signals on meal patterns (West et al. 1984; Strohmayer and Greenberg 1994; Lutz et al. 1995) . Thus, an increase in meal size may be attributed to enhanced positive signals in the oral cavity and/or reduced sensitivity to postingestive inhibitory signals.
The chorda tympani (CT) nerve is a branch of the facial nerve that innervates the taste receptor field in the anterior part of the tongue. It has been reported that CT responses to sucrose, glucose, and maltose (stimuli that humans describe as "sweet") in obese rats are increased compared with those in lean controls (Shimizu et al. 2003) . These differences in tastant-evoked electrophysiological responses may be attributed to chronic physiological alterations related to obesity development such as changes in blood glucose levels or insulin action. Consistent with this possibility, it has been shown that CT responses to sucrose, maltose, glucose, and fructose in genetically diabetic db/db mice are higher than those of controls (Ninomiya et al. 1995) . Furthermore, sucrose-evoked CT responses in lean mice are lower following leptin injection (Kawai et al. 2000) . These findings suggest changes to the peripheral input of gustatory signals as a function of obesity development.
It is possible that there are more immediate changes to gustatory input signaling following short-term exposure to a calorically dense diet. Indeed, following 3 days of ad libitum access to chow, water, and 0.3 M sucrose, mice showed altered spout approach behavior to both sucrose and Na-saccharin in a brief-access taste test compared with mice without previous ad libitum access to sucrose (McCaughey and Glendinning 2013) . Thus, the increased hyperphagia and meal size observed in animals during the first several days of calorically dense diet access may be driven, at least in part by changes in gustatory signaling. Following this idea, we hypothesized that exposure to a mixed stimulus (e.g., high sucrose/high fat in a high-energy diet) would induce increased responsiveness to other palatable, single-component stimuli such as sucrose. To address this possibility, electrophysiological responses were measured in the CT of rats presented a high-energy diet for 3 days (HE) and compared with responses in chow-fed controls (CHOW). If tastant-evoked electrophysiological responses are enhanced in the CT of HE animals, this would suggest that gustatory signaling increases after 3 days of a calorically dense diet. In another cohort of animals, responses to a concentration series of sucrose were measured in a brief-access taste test across the first 6 days of access to a high-energy diet. Previously, we reported that rats maintained on a high-energy diet did not increase intake of sucrose or Polycose solutions in a two-bottle test (Treesukosol and Moran 2013) . Behavior in the two-bottle intake procedure is influenced by both oral and postoral signals (Mook 1963) . Here, the brief-access taste procedure allows for measures of changes in taste-guided behavior toward sucrose as a function of high-energy diet exposure across the 6 days while minimizing postingestive cues. Furthermore, this version of the brief-access taste procedure provides measures of unconditioned lick responses across the concentration range and number of trials initiated thus allows for some segregation of the appetitive and consummatory components of behavior.
Materials and methods

Experiment 1: electrophysiology
Exposure to high energy diet A cohort of 14 male Sprague-Dawley rats and a second cohort of 8 Sprague-Dawley rats (Harlan) with a mean body weight of 290 g at the start of the experiment were single-housed with ad libitum access to chow (2018 Teklad; Harlan) and water, except where noted. All procedures were approved by the Animal Care and Use Committees at Osaka Dental University and Kio University.
Following a 1-week acclimatization period to the laboratory environment, animals were assigned to one of two groups (CHOW and HE) so that there was no group difference in body weight. Rats in the CHOW group continued to be presented ad libitum access to chow (3.1 kcal/g; calories from protein 24%, calories from fat 18%, calories from carbohydrate 58%, no sucrose; 2018 Teklad; Harlan) and animals in the HE group had ad libitum access to a high-energy diet (4.73 kcal/g; calories from protein 20%, calories from fat 45%, calories from carbohydrate 35%, calories from sucrose 17%; D12451, Research Diets). After the HE group had been presented the new diet for 3 days, electrophysiological responses were measured in all animals.
Exposure to sucrose
Ten male Sprague-Dawley rats (Harlan) were housed under similar conditions as described above. Following the 1-week acclimatization period, rats were assigned to one of two groups (control [CON] and sucrose [SUC] ). Rats in the CON group continued to be presented ad libitum access to chow (2018 Teklad; Harlan) and 2 bottles of water. Animals in the SUC group had ad libitum access to chow, 1 bottle of water and 1 bottle of 0.3 M sucrose.
Procedure
Rats were anesthetized by intraperitoneal injection of sodium pentobarbital (60 mg/kg) followed by urethane-chloralose (urethane 0.8 g/ kg; chloralose 65 mg/kg) to maintain surgical anesthesia. Animals were tracheotomized and secured in a head-holder. Body temperature was maintained at 36-37 °C with a heating pad. The left CT nerve was exposed by a lateral approach (Yamamoto and Kawamura 1972) , cut as it exited the tympani bulla and dissected away from the underlying tissue. The nerve was desheathed and placed onto a platinum wire recording electrode (0.1-mm diameter). An indifferent electrode was placed in contact with exposed nearby muscle tissue. Responses were filtered using a band-pass filter with cutoff frequencies from 40 Hz to 3 kHz and sent to an oscilloscope for visualization. Next, responses were fed to a digitally controlled summator (Walsh et al. 1974) . The number of discharges was summed over 500-ms epochs with a spike counter (DSE-345; DiA Medical System) to derive summated responses. The data were stored on a PC and the total spikes over the entire 30-s stimulus period (60-× 500-ms epochs) were counted with Spike 2, ver.7.01 (Cambridge Electronic Design) for quantitative analyses.
The taste stimuli for the first cohort were 0.1 M NH 4 Cl, 0.05 M NaCl (Kishida Chemical), 0.01 M HCl, 0.05 M monosodium glutamate, 0.01 M quinine hydrochloride (Nacalai Tesque), 0.05 M Na-saccharin (Sigma-Aldrich), and sucrose (0.3, 0.5, and 1.0 M; Wako Pure Chemical Industries) prepared in distilled water on the day of the recordings and presented at room temperature. The taste stimuli for the second cohort were 0.1 M NH 4 Cl, 0.1 M NaCl (Kishida Chemical), and sucrose (0.01, 0.03, 0.06, and 0.1 M; Wako Pure Chemical Industries) prepared in distilled water and presented at room temperature. Each stimulus (5 mL) was applied to the anterior dorsal tongue for 30 s followed by a distilled water rinse for at least 60 s. The response to each taste stimulus was expressed as the relative magnitude of responses to 0.1 M NH 4 Cl.
Experiment 2: exposure to a high-energy diet: briefaccess taste procedure Subjects Seventeen male Sprague-Dawley rats (Harlan) with a mean body weight of 272 g on arrival were individually housed in hanging wire cages in a room where humidity, temperature, and a 12:12 h light:dark cycle were automatically controlled. Rats were presented ad libitum access to chow (2018 Teklad; Harlan) and water, except where noted. Behavioral testing began following a 7-day acclimation period to the laboratory environment. All procedures were approved by the Institutional Animal Care and Use Committee at the Johns Hopkins University.
Brief-access taste tests were conducted during the light cycle. Training and testing for the brief-access taste procedure were conducted in a lickometer (Davis MS-160; DiLog Instruments) as described elsewhere previously (e.g., Smith 2001; Glendinning et al. 2002) . The animal was placed in the testing chamber of the apparatus with access to a single spout positioned ~5 mm behind a slot. The spout was connected to a glass container holding a solution. To minimize potential olfactory cues from the stimuli, a small fan was placed above the testing chamber wall to direct a current of air past the spout.
During training and testing with water in the lickometer, the rats were placed on a water-restricted schedule. Access to water was removed from the home cages no more than 23 h before the test session and water was available only during sessions in the lickometer. During the first 2 sessions in the lickometer, rats were presented with a stationary spout of water for 30 min. Total number of licks and interlick interval (ILI) were measured. On days 3 and 4, seven tubes of water were presented one at a time in 10-s trials across 30-min sessions. A trial was initiated when the rat licked the spout. At the end of each trial (10 s), the shutter closed. During each 8-s intertrial interval, a motorized block prepared the next spout presentation, after which the shutter reopened for the next trial. The spouts were presented in randomized blocks without replacement. Animals were able to initiate as many trials as possible during each 30-min session. At the end of day 4, ad libitum access to water resumed in the home cages.
The following day, animals were assigned to one of two groups (CHOW or HE) so that there were no significant group differences in body weight, total licks to a stationary spout of water, ILI values, or number of trials initiated to water. Animals in the HE group were provided ad libitum access to the same type of high-energy diet used in Experiment 1 (4.73 kcal/g; calories from protein 20%, calories from fat 45%, calories from carbohydrate 35%; D12451, Research Diets). The CHOW group remained with ad libitum access to chow (3.1 kcal/g; calories from protein 24%, calories from fat 18%, calories from carbohydrate 58%; 2018 Teklad; Harlan). Both groups continued with ad libitum access to water.
From the next day, animals were tested in the lickometer for 6 consecutive days to a sucrose concentration series (0.01, 0.03, 0.06, 0.1, 0.3, and 1.0 M; Sigma Aldrich) that was prepared with distilled water and presented at room temperature. In this way, responses to sucrose were measured across the first 6 days of exposure to the highenergy diet. Concentrations were presented in randomized blocks without replacement in 10-s trials. As with the water training sessions, a trial was initiated when the rat licked the spout and animals could initiate as many trials as possible during the 30-min sessions.
Data analysis
Total licks and ILI values to stationary water on day 2 were compared between the two groups using t-tests. For ILI measures, values less than 50 ms were considered double licks and ILI values greater than 250 ms were considered pauses between licking bursts. Thus, only ILIs that fell between 50 and 250 ms were included for analysis (see Allison and Castellan 1970; Smith 1990, 1992) .
For a given animal during each test session, the mean number of licks at each concentration was calculated by collapsing all trials across the session. The mean number of licks at each sucrose concentration was compared between the groups using analyses of variance (ANOVAs). The total number of trials initiated across each test session was also compared. If an animal did not initiate at least 1 trial per concentration during a given session, data for that animal were excluded from analyses of lick response for that session. Data for all animals were included for analyses of trial initiation. Additionally, the mean number of licks at each concentration was calculated by collapsing all trials across all 6 sessions. The statistical rejection criterion of 0.05 was used for all analyses.
Curves were fit to mean data for each group by using the following logistic function:
where x = log 10 stimulus concentration, a = asymptotic lick response, b = slope, and c = log 10 concentration at the inflection point.
Experiment 3: exposure to 0.3 M sucrose: briefaccess taste procedure Subjects A separate cohort of 16 male Sprague-Dawley rats (Harlan) with a mean body weight of 271 g on arrival were individually housed under conditions similar to animals tested in Experiment 2. All procedures were approved by the Institutional Animal Care and Use Committee at the Johns Hopkins University.
Procedure
The brief-access taste test protocol used in Experiment 2 was conducted. Animals were trained and tested with water across 4 consecutive days. Next, animals were assigned to one of two groups (CON or SUC) so that there were no significant group differences in total licks to a stationary spout of water, ILI values, number of trials initiated to water or body weight (n = 8/group). Animals in the SUC group were provided ad libitum access to 1 bottle of water and 1 bottle of 0.3 M sucrose for 3 consecutive days. Animals in the CON group were provided ad libitum access to 2 bottles both containing water. Both groups continued with ad libitum access to chow (2018 Teklad; Harlan). After 3 days of sucrose exposure, all animals were tested in the lickometer to the sucrose concentration array used in Experiment 2, under ad libitum chow and water conditions.
Data analysis
Data generated from training and testing in the brief-access taste procedure were analyzed similarly as to data from Experiment 2.
Results
Electrophysiology
Exposure to high energy diet As expected, animals presented a high-energy diet displayed robust hyperphagia across the 3 consecutive days of diet exposure. A twoway ANOVA comparing daily caloric intake from food between the 2 groups revealed a main effect of group (F(1,12) = 22.630, P < 0.001), a main effect of day (F(2,24) = 5.682, P = 0.010) and no significant interaction (F(2,24) = 1.754, P = 0.195). Post hoc t-tests revealed significant group differences at each time point that survived Bonferroni corrections. A two-way ANOVA comparing body weight between the two groups revealed no main effect of group (F(1,12) = 0.054, P = 0.820), a main effect of day (F(2,24) = 126.753, P < 0.001) and no significant interaction (F(2,24) = 0.368, P = 0.696). CT responses to sucrose, Na-saccharin, quinine, monosodium glutamate, and hydrochloric acid tended to be higher in the HE group (Figures 1 and 2A) . The HE group showed significantly higher responses compared with CHOW controls to 0.01 M sucrose (t(6) = −3.341, P = 0.016), 0.03 M sucrose (t(6) = −3.178, P = 0.019), 0.06 M sucrose (t(6) = −2.662, P = 0.037), 0.3 M sucrose (t(12) = −2.511, P =0.027), 0.05 M Na-saccharin (t(12) = −2.631, P =0.022), and 0.01 M quinine hydrochloride (t(12) = −2.380, P = 0.035).
Exposure to sucrose
The SUC group showed significantly lower CT response to 0.06 M sucrose (t(8) = -2.483, P =0.038). The SUC group and CON group did not show significantly different CT responses to any of the other stimuli tested ( Figure 2B) Exposure to a high-energy diet: brief-access taste procedure Animals presented a high-energy diet displayed hyperphagia, which gradually decreased across consecutive days of diet exposure. A two-way ANOVA comparing daily caloric intake from food between the 2 groups across the first 6 days of high-fat diet exposure revealed a main effect of group (F(1,15) = 39.611, P < 0.001), a main effect of day (F(5,75) = 26.124, P < 0.001) and a significant interaction (F(5,75) = 14.814, P < 0.001). Post hoc t-tests revealed significant group differences at each time point. These comparisons survived Bonferroni corrections except for data from day 6. A twoway ANOVA comparing body weight between the 2 groups during this same 6-day period revealed no main effect of group (F(1,15) = 0.123, P = 0.731), a main effect of day (F(5,75) = 177.142, P < 0.001), and a significant interaction (F(5,75) = 2.483, P = 0.039). Post hoc t-tests both with and without Bonferroni adjustments did not reveal a significant group difference at any of the time points.
Both groups increased unconditioned licking responses to sucrose in a concentration-dependent manner. Two-way ANOVAs comparing mean licks to the concentration array between the 2 groups did not reveal significant group differences whether analyzed by session or collapsed across the 6 sessions (Table 1) . Nor did the groups significantly differ in the number of trials initiated during these test sessions (t(15) < 1.06, P > 0.31) (Figure 3 ). Two-sample t-tests revealed that the curve parameter that represents the inflection point (c-parameter) did not significantly differ between the 2 groups (t(15) = 1.126, P = 0.226). Nor were there significant group differences for the parameter representing asymptotic lick response (a-parameter) (t(15) = 1.137, P = 0.274) or slope (b-parameter) (t(15) = −0.009, P = 0.993). The individual animal curves fit the licking data accurately as reflected by the mean R 2 value of 0.99 ± 0.00 across animals.
Exposure to a sucrose solution: brief-access taste procedure Across the 3 days of exposure to 0.3 M sucrose, as rats in the SUC group consumed the sucrose solution, calories from chow decreased compared with caloric intake in the CON group (t(14) = 6.414, P < 0.001). The SUC group showed higher total caloric intake across the 3 days compared with CON rats (t(14) = −3.807, P = 0.002). There was no significant group difference in body weight following this exposure period (t(14) = −0.534, P = 0.601).
Overall, unconditioned lick responses to sucrose increased in a concentration-dependent manner in both groups. During the first session to sucrose, the CON group showed less of a concentrationdependent effect likely contributing to the significant interaction revealed but this was no longer evident during session 2 (Table 2) . Two-way ANOVAs comparing lick responses between the 2 groups collapsed across the 2 sessions did not reveal a main effect of group but did reveal a significant interaction effect. No significant group differences were revealed for number of trials (t(14) = −0.689, P = 0.502) (Figure 4) . Two-sample t-tests comparing parameter values derived from data collapsed across the 2 sessions revealed that the curve parameter that represents the point of inflection (c-parameter) significantly differed between the 2 groups (t(9) = −2.461, P = 0.036) such that CON animals increased lick responses at a lower concentration compared with SUC rats (Figure 5 ). There were no significant group differences for the parameters representing asymptotic lick response (a-parameter) (t(9) = −1.681, P = 0.127) nor for slope (b-parameter) (t(9) = 1.757, P = 0.113). Individual animal curves could not be reliably fit to licking data for 5 animals. For the remaining data, the individual animal curves fit reasonably as reflected by the mean R 2 value of 0.83 ± 0.04 across animals.
Discussion
The robust hyperphagia and increased meal size observed across the first several days of exposure to a calorically dense diet may be mediated by more immediate signals including changes in orosensory cues. Exposure to a mixed stimulus (i.e., the high-sucrose/high-fat characteristic of the high-energy diet) may induce increased responsiveness to other single-component stimuli. In line with this, following 3 days access to a high-energy diet in this study, CT responses to 0.01,0.03, 0.06 and 0.3 M sucrose; 0.05 M Na-saccharin; and 0.01 M quinine in the HE group were significantly higher than those of CHOW controls. In contrast, behavioral responses to sucrose in a brief-access taste test did not significantly differ between HE and CHOW groups across the first 6 days of presentation of a high-energy diet. Collectively these findings suggest that although short-term exposure to a high-energy diet results in alterations to peripheral gustatory signaling, these changes are not sufficient to Figure 2 . (A) Mean ± SE relative magnitude of chorda tympani response to 0.05 M NaCl (n = 7), 0.1 M NaCl (n = 4), 0.01 M HCl (H; n = 7), 0.05 M monosodium glutamate (MSG; n = 7), 0.01 M quinine hydrochloride (Q; n = 7), 0.05 M Na-saccharin (sac; n = 7), 0.01 M sucrose (n = 4), 0.03 M sucrose (n = 4), 0.06 M sucrose (n = 4), 0.1 M sucrose (n = 4), 0.3 M sucrose (n = 7), 0.5 M sucrose (n = 7) and 1.0 M sucrose (n = 7) for CHOW (black bars) and HE (white bars) animals. (B) Mean ± SE relative magnitude of chorda tympani response to the same stimulus array for CON (black bars; n = 5) and SUC (white bars; n = 5) animals. *Indicates significant group differences.
significantly alter unconditioned licking nor spout approach to sucrose in a brief-access taste procedure and are unlikely to mediate the increased caloric intake.
We have previously reported that the hyperphagia in response to calorie-dense diet is driven by larger but less frequent meals (Treesukosol and Moran 2014) , which raises the possibilities that orosensory stimulation including that from taste, olfactory, and trigeminal input may be enhanced, and/or that inhibitory cues that signal meal termination and satiety are dampened upon high calorie diet presentation. Satiation signals such as cholecystokinin have been demonstrated to be less effective in decreasing feeding in rats that have been maintained on a high-fat diet for a longer period of time (Covasa and Ritter 1998; de Lartigue et al. 2012) suggesting decreased sensitivity to satiation signals is a result of longer exposure to high-fat diet. Thus, the relative contribution of postoral inhibitory influences may be less pronounced than that of orosensory changes to the hyperphagia observed across the first several days of exposure to a calorie-dense diet. The CT changes observed in this study are thus likely attributed to more immediate changes such as oral cues and to a lesser degree to postoral alterations that accompany longer exposures and weight gain.
Previous findings in the literature report increased CT responses to sucrose, glucose, and maltose in high-fat dietary obese rats, ventromedial hypothalamic (VMH)-lesioned obese rats, insulin-deficit diabetic rats (Shimizu et al. 2003) , and diabetic db/db mice (Ninomiya et al. 1995 ) compared with controls. At an earlier time point before VMH-lesioned rats are obese, CT responses to tastants are not significantly different to those of controls (Shimizu et al. 2003) . Thus, it appears there are obesity development-related changes to peripheral gustatory signaling. We hypothesized that in contrast to hypothalamic-lesion obesity, more immediate changes to gustatory signals may be evident following short-term exposure to a calorically dense diet. Consistent with this hypothesis, after 3 days of a calorically dense diet, at a time point before changes in body weight are evident, HE animals show changes in tastant-evoked CT responses. Specifically, responses to 0.01,0.03, 0.06 and 0.3 M sucrose; 0.05 M Na-saccharin; and 0.01 M quinine were significantly higher in the CT of HE animals compared with those in the CHOW controls. One possible explanation for this response profile can be based on the response profiles of taste bud cells. Two classes of taste bud cells have been shown to be involved in gustatory signaling, referred to as "receptor" (type II) and "presynaptic" (type III) cells. Whereas type III cells are more broadly tuned, type II cells respond to bitter, sweet, or umami stimuli but rarely to sour or salty compounds (Tomchik et al. 2007 ). However, we could not detect increased responses to MSG in the HE animals. It is plausible that any possible changes in glutamate response may have been overshadowed by the larger response to sodium ions (Yamamoto et al. 1991) . Thus, exposure to the high-energy diet may affect the responsiveness of type II taste cells. Overall, these findings support the hypothesis that gustatory signals are altered following presentation of a calorically dense diet.
The hyperphagia observed when animals are presented a calorically dense diet may be at least partially driven by increased orosensory stimulation. This may in turn generalize to increased responsiveness of other palatable stimuli. It has been previously reported for example that compared with no sham-feeding, following sham-feeding with a sucrose solution or corn oil emulsion, rats increased food intake during subsequent 2-h tests (Tordoff and Reed 1991) supporting a role for oral cues to stimulate feeding. Furthermore, the CT response to sugars is increased in diet-induced obese rats (Shimizu et al. 2003) providing evidence for increased orosensory responsiveness to other palatable compounds. In line with this, in this study CT responses to 0.01, 0.03, 0.06, and 0.3 M sucrose and artificial sweetener 0.05 M Na-saccharin are increased in HE rats. As sucrose concentration increases, CT responses increase in a concentration-dependent manner. The response in the HE rats was higher than that of CHOW controls but likely due to a ceiling effect, reached statistical significance only at 4 of the concentrations tested. The rat CT responds to sucrose in a concentration-dependent manner that can be characterized by a sigmoidal shape (Hagstrom and Pfaffmann 1959) . Responses to sucrose are comparatively low in the rat CT thus here, 3 relatively high concentrations (close to the asymptotic response of the rat CT) were included in the test array. First, gustatory nerve branches are differentially sensitive to sucrose. It has been reported that fewer taste-responsive fibers respond to oral sucrose in the rat CT (Frank et al. 1983 ) compared with those found in the rat glossopharyngeal nerve (Frank 1991) . Second, consistent with what has been previously reported (Pfaffmann 1955 ), even at the higher sucrose concentrations presented in this study, CT responses to sucrose were lower than to other stimuli. Thus, it is likely that a ceiling effect obscures a significant group difference at the higher sucrose concentrations.
Ingestive behavior can be viewed as involving behavior that brings the animal to the stimulus (appetitive) and the behavior that follows contact with the stimulus (consummatory). This version of the brief-access taste test allows for some segregation of these components by providing measures of spout approach by measuring trial initiation (appetitive behavior) and unconditioned lick responses within the 10-s trials (consummatory behavior). Enhancement of CT responses to sugars has been correlated with sugar solution intake in mice (Ninomiya et al. 1995) . Similarly, in another study using mice, the magnitude of CT responses to various sweeteners correlated with lick responses (although not daily intake) (Glendinning et al. 2010) . In the behavioral component of this study, the HE and CHOW animals did not significantly differ in number of trials initiated nor lick responses to sucrose in the brief-access taste test. One possible explanation for the apparent discrepancy between electrophysiological data and behavioral measures in this study is that the brief-access taste procedure is not sensitive to these dietinduced changes. Additionally, the current experiment was designed such that animals were exposed to sucrose for the first time during the first session. Due to this experimental design, both groups licked avidly across the concentration range and did not show pronounced concentration-dependent lick responses, which may have in turn obscured a group difference. Nonetheless, no significant group difference nor interaction effects were revealed. Thus, although alterations in peripheral gustatory signals were observed as a function of exposure to a high-energy diet, this does not appear to necessarily translate to altered behavioral responses to sucrose. Furthermore, in this study CT responses did not significantly differ to most of the test stimuli presented to rats exposed to sucrose or water raising the possibility that the phenomenon reported in mice is not the case for rats. Ad libitum access to a 0.5 M sucrose solution (in addition to chow and water) has been shown to alter number of trials initiated (appetitive behavior) to 0.5 M sucrose or 20 mM Na-saccharin but did not significantly change unconditioned licking (consummatory behavior) in mice (McCaughey and Glendinning 2013) . Thus, it appears that exposure to a sweetener (sucrose) changes the appetitive component of behavior to sucrose and that these alterations also generalize to Na-saccharin, an artificial sweetener. Given evidence for separate transduction pathways for "sweet" and "fat" tastes (e.g., Sclafani 2007; Mattes 2009; Cartoni et al. 2010; Liang et al. 2012) , this raises the possibility that exposure to a sweet compound elicits changes of behavioral components to sweet stimuli but that exposure to the high-energy diet (high fat/ high sucrose) in this study does not generalize to changes toward a sweet stimulus. Another possible explanation is that the phenomenon reported in mice is not observed in rats. To address these possibilities, responses to a sucrose concentration array were measured in the brief-access taste test following ad libitum access to 0.3 M sucrose for 3 days in a separate cohort of rats. In contrast to previous findings in which dietary sucrose alters the appetitive response to sweeteners in mice, rats exposed to sucrose did not significantly differ in trial initiation to sucrose compared with their controls. Furthermore, no main effect of group was observed for licking across the sucrose concentration range. Consistent with the behavioral data, CT responses to most stimuli tested in rats exposed to 0.3 M sucrose for 3 days in this study did not significantly differ to those of control. Taken together, the current findings suggest that whether exposed to a high-energy diet or sucrose solution, behavioral responses to sucrose as measured in the brief-access taste test are largely unaltered in rats.
During the first test session to the sucrose concentration series, sucrose-exposed rats showed concentration-dependent licking but this was less apparent in the controls. A possible explanation for this difference is that the SUC rats had previous experience with a sucrose solution whereas it was the first exposure to sucrose for the CON rats. In line with this possibility, both groups showed concentrationdependent lick responses to sucrose during the second test session. This difference in the CON group between the first and second brief-access taste test sessions accounts for the significant interaction revealed during session 1 and when data from both sessions are collapsed. It also accounts for the group difference in c-value parameters. Similar to what was observed for the CON group, CHOW control animals did not show concentration-dependent licking to sucrose on the first exposure to sucrose. Yet unlike SUC animals, HE rats did not show concentration-dependent lick responses during the first sucrose session. Indeed, there was no main effect of concentration revealed for the first 2 sessions of Experiment 2. Thus, previous experience with a sucrose solution induces a more robust concentration-dependent lick response across the concentration series. In particular, with experience, rats will decrease lick response to the lower concentrations. This is observed following experience with a sucrose solution but not a high-energy diet thus further supporting the interpretation that exposure to a high-energy diet does not necessarily generalize to altered responses to other palatable stimuli. Nonetheless SUC and CON animals did not significantly differ in lick responses to 0.3 M (the concentration SUC rats were exposed to) nor in number of trials initiated and overall there was no main effect of group comparing lick responses across the concentration range. Thus, unlike with mice (McCaughey and Glendinning 2013) exposure to dietary sucrose does not change appetitive behavior toward sucrose in rats.
It is apparent that short-term exposure to a calorically dense diet is sufficient to alter taste-evoked electrophysiological responses of a peripheral gustatory nerve. This is consistent with the hyperphagia and increased meal size that is most pronounced upon initial presentation of a high-energy diet. Yet these changes do not generalize to increased responsiveness to other palatable stimuli, as measured here by lick responses to sucrose in a brief-access taste test. Thus, what drives the diet-induced hyperphagia and accompanied changes remains unclear. 
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